Human neutrophils contain a rapidly mobilizable pool of socalled secretory vesicles distinct from the azurophil granules and specific granules. Using human albumin as a marker for these intracellular vesicles in immuno-electron microscopy, we found that part of the cytochrome bSs8 in nonpurified whole blood neutrophils colocalized in these vesicles. This was detected with monoclonal antibody (MoAb) CLB-48, binding to the high molecular weight subunit of cytochrome bSs8. Approximately 65% of the albumin-containing vesicles showed MoAb CLB-48 labeling. This was also found in eosinophilic granulocytes and in monocytes.
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of CDI 1 b MoAb CLB-B2.12 to the a subunit of the complement receptor type 3 (CR3) on the surface of intact, nonpurified neutrophils was detected to a limited extent in whole blood samples, but was strongly increased upon density gradient centrifugation of the cells, as we have described before. Investigation at the ultrastructural level showed that the CDI 1 b antigen codistributed with albumin in vesicular structures in nonpurified phagocytes, especially in neutrophils and eosinophils. Together, these data substantiate the idea of an intracellular store that can be easily mobilized (even under the simple stress condition of density gradient centrifugation). Such mobilization may result in the expression of cytochrome b568 on the plasma membrane, as was indicated in this study. Apart from cytochrome bSs8, several other surface membrane molecules, as we show here for the integrin CDI 1 b/CD18 (CR3). are probably also located in these rapidly mobilizable intracellular vesicles. 0 1993 by The American Society of Hematology.
contain serine proteases (elastase, cathepsin G, proteinase 3, and others), hydrolases, glycosidases, defensins, myeloperoxidase, and lysozyme. The specific granules are characterized by their content of lactofenin, vitamin B12-binding protein, and l y s o~y m e . '~~'~ The existence of two additional intracellular storage entities, tertiary granules and secretory vesicles, has been suggested. The tertiary granules were reported to specifically contain the marker gelatina~e,".~~ but their existence as a separate entity has been seriously questioned." The secretory vesicles have been indicated to selectively contain alkaline phosphatase a~t i v i t y ,~~,~~ but they have not yet been studied by immuno-electron microscopy (immuno-EM).
Degranulation can be determined not only by the release of granule contents but also by the upregulation of granule membrane molecules caused by fusion of the granule membrane with the plasma membrane. In a previous s t~d y , '~ we measured the expression of multiple membrane components on neutrophils in the circulation and on neutrophils purified with standard isolation procedures. Monoclonal antibody (MoAb) 7D5,25 directed against an extracellular epitope of cytochrome bss8, did not bind to neutrophils in whole blood but bound as soon as the cells had undergone the first step of density gradient centrif~gation.'~ The discrepancy in 7D5 binding to nonpurified versus purified neutrophils prompted us to investigate whether nonpurified neutrophils might contain a separate intracellular store of the cytochrome bsss that was mobilized during isolation.
MATERIALS AND METHODS
MoAb 7D5" is directed against an extracellular epitope on cytochrome bSs8. CLB-4826 reacts with denatured cytochrome bSS8. MoAb CLB-B2.12 is directed against the extracellular region of the CDl lb antigen, the a subunit of the complement receptor type 3 (CR3) (CD1 lb/CD18)." The MoAbs had been protein-A purified before use. In some control experiments, CD32 MoAb IV.328 and CD63 MoAb 43524 were used. Antiserum against human tetranectin Reagents.
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Blood. Blood was obtained from healthy volunteers. A g proval was obtained from the Institutional Review Board for these studies. Volunteers were informed that blood samples were obtained for research purposes, and that their privacy would be protected. Large-gauged infusion systems were used for venapuncture. The blood was collected in 0.4% (wt/vol) trisodium citrate (pH 7.4) for immediate anticoagulation, as de~cribed.~' Blood was divided into two parts. One part was immediately treated for IO to 15 minutes with ice-cold isotonic NH4Cl solution ( I55 mmol/L NH,Cl, 10 mmol/L KHC03, 0. I mmol/L EDTA, pH 7.4) to lyse the erythrocytes. The cells were centrifuged in the cold (270g for 4 minutes) and residual erythrocytes were lysed for another 3 minutes. The remaining leukocytes were washed twice in cold phosphate-buffered saline (PBS) containing HSA (0.5% wt/vol) and resuspended in incubation medium at a final concentration of IO' cells/mL. The other part was first fractionated by density gradient centrifugation over isotonic Percoll (specific gravity of 1.076 g/mL; 800g for 18 minutes at 25°C). The interphase, containing the mononuclear cells, was separated into pure lymphocyte and monocyte fractions by countercurrent centrifugal elutriation; each fraction was more than 90% pure. After two washes in PBS, the monocytes were resuspended in incubation medium. The pellet fraction, containing erythrocytes and granulocytes, was treated as described above to lyse the erythrocytes. The remaining granulocytes were also washed twice in cold PBS, and resuspended in incubation medium at a final concentration of lo7 cells/mL. Neutrophils were more than 95% pure.
Small amounts of leukocytes, purified neutrophils, and purified monocytes were fixed for 10 minutes at room temperature with paraformaldehyde (PFA; I% [wt/vol], and washed twice with an excess of PBS before cytometric analysis (see below).
Determination of surface antigen expression. In the experiments for surface antigen e x p r e~i o n ?~ fixed leukocytes, fixed purified neutrophils, or fixed purified monocytes were incubated with primary antibody for 30 minutes at 4°C. Thereafter, the cells were washed twice in an excess of ice-cold PBS, and the procedure was repeated with FITC-labeled goat-antimouse-Ig for another 30 minutes at 4°C. The cells were analyzed with a FACScan (Becton Dickinson, San Jose, CA). Neutrophils were distinguished from lymphocytes and monocytes by their fonvard/sideward scatter pattern. After gating on neutrophils, data were collected from 10,000 cells. Antigen expression was expressed as mean fluorescence intensity (MFI).
Leukocytes and purified neutrophils isolated from blood were fixed for 2 hours at room temperature in a graded (2% to 8%) PFA series in PBS and pelleted in 10% gelatin in PBS. The gelatin slab was kept at 4°C in PBS containing I% PFA. Small pieces of gelatin were infiltrated with 2.3 mol/L sucrose in PBS for 4 hours and mounted on copper pins at 4°C. These were frozen in liquid nitrogen. Approximately 80-nm cryosections were made on an MT-7 ultracryomicrotome (Research and Manufacturing Co, Tucson, AZ) and incubated at room temperature with antibodies for 45 minutes. The rabbit-antihuman-albumin was visualized directly with pAG. Because of the low affinity of protein A to MoAbs CLB-48 and CLB-B2.12, a second antibody (rabbit-antimouse-IgG) was used, before incubation with pAG. For the controls, the primary antibody Cell isolation.
ImmuneEM.
was replaced by a nonrelevant murine IgG or rabbit IgG. The following protocols were used in double-labeling experiments": (1) MoAb/rabbit-antimouse-IgG/pAG5/ 1% glutaraldehyde for IO min/ rabbit-antihuman-albumin/pAG 1 0 (2) rabbit-antihuman-albumin/ pAG5/ 1 % glutaraldehyde/MoAb/rabbit-antimouse-IgGG 10. For the controls, in (1) rabbit-antihuman-albumin was replaced by a nonrelevant rabbit IgG, and in (2) the MoAb was replaced by a nonrelevant murine IgG. After immunolabeling, the cryosections were embedded in a mixture of methylcellulose and uranyl acetate. All sections were examined with a Philips CMlO electron microscope (Eindhoven, The Netherlands).
For quantitative analysis, micrographs of IO cells selected at random were taken for each experiment at a primary magnification of 14,000. The positive cells were further enlarged 2.5 times and the number of positive vesicles were scored. Only vesicles containing at least three gold particles were considered positive. It should he explicitly noted that the membraneenclosed, granular, electrondense structures were not scored.
Significance was defined by Student's t-tests.
P values exceeding .05 were considered not significant (NS).
Statistical analysis.
RESULTS
Upregulation during neutrophil purification. MoAb 7D5,
recognizing an extracellularly exposed epitope of cytochrome b55s;5 did not bind to phagocytes immediately fixed in freshly drawn blood. However, as soon as the leukocytes had undergone the first step of the purification procedure, ie, the density gradient centrifugation step, all phagocytes had become positive ( 
isotype-matched MoAb was used as control MoAb (control).
For personal use only. on October 30, 2017. by guest www.bloodjournal.org From sensitive for shedding upon neutrophil activation, was unchanged under the conditions used.24 In addition, binding of the CD63 MoAb CLB-435, used as a marker for the azurophil granules?4 remained negative with neutrophils. The expression of the FcyR-I1 (CD32) remained at the same level during density gradient centrifugation or countercurrent centrifugal elutriation (Table I) .
Cells from the same suspensions were also used for immuno-EM studies with MoAb CLB-48 against cytochrome bsss and the CDI Ib MoAb CLB-B2.12 to localize the intracellular stores of these antigens. MoAb 7D5 did not consistently bind in the EM studies and was omitted from further ultrastructural experiments. Apparently, the conditions used for the EM studies allowed binding of MoAb CLB-48 to cy- However, in the nonpurified leukocyte fraction. the neutrophils. eosinophils, and monocytes showed also strong labeling of vesicular structures with both MoAbs CLB-48 and CLB-92.12. The question was whether these structures were identical with the previously designated phosphasomes" or secretory vesicles." Direct alkaline phosphatase (AP) activity has been used for electron microscopic visualizati~n.~~ However, blackening of the potentially important vesicle due to the AP activity could interfere with the visualization of immunogold labeling. Tetranectin was considered to be a marker for secretory vesicles because the release of tetranectin from neutrophils strongly correlates with release ofAP.% Moreover. subcellular fractionation studies showed a codistribution between these markers in a vesicle-rich fraction.'6 However, the antiserum against human tetranectin could not be used with the cryosections of leukocytes due to very low binding efficiency (not shown).
Borregaard et al" have recently described that granulocytes contain human albumin in secretory vesicles that are easily mobilized to the plasma membrane. lmmunogold labeling with antiserum against human albumin on cryosections of nonpurified leukocytes showed that albumin was indeed localized in intracellular vesicles of neutrophils (Fig Ih) . eosinophils (Fig 2) . and monocytes (Fig 3) .
To investigate whether the vesicles containing cytochrome h 5 5 8 and/or the CDI I b antigen are the secretory vesicles containing albumin, we performed immunogold double-labeling experiments on nonpurified leukocytes according to both protocols given in Materials and Methods. Figure I B shows the distribution of cytochrome h 5 5 8 and albumin in neutrophils. Five-nanometer gold particles used to visualize cytochrome h558 were located mainly on the membrane of specific granules and also in small vesicles. Moreover. 5-nm gold particles were seen in vesicles together with IO-nm gold (label of albumin). and some vesicles were found with only IO-nm gold.
The distribution of cytochrome h 5 5 8 and albumin in eosinophils is shown in Fig 2. Following either of the two protocols. both labels were found mainly together in vesicles (protocol I in Fig 29. and protocol 2 in Fig 2C) . In both cases the density of the labeling is highest with 5-nm gold. independent of the antibody with which it reacts. The inten- For personal use only. on October 30, 2017 . by guest www.bloodjournal.org From sity of the labeling and the morphology of the vesicles was optimal in eosinophils: the labeling for cytochrome /)55R antigens was noted around the vesicle membranes. whereas albumin was found dispersed inside the vesicles. Also in monocytes. a clear codistribution of albumin and cytochrome hy,R was found to be present in cytoplasmic vesicles (Fig 3) . Sometimes. early endosomal structures were found consisting of multiple spherical vesicles labeled only with IO-nm gold (albumin).
Quantification of the number of positive vesicles aRer double-labeling with MoAb CLR-48 and antihuman albumin antiserum showed strong colocalijration in vesicles of cytochrome hrSR and albumin in neutrophils, and. even to a larger extent, in eosinophils and monocytes (Fig 4) .
lmmunogold double-labeling of cryosections of nonpurified leukocytes with MoAb CLRRZ.12 and the antiserum against human albumin also showed a codistribution of the CD I I b antigen and albumin in intracellular vesicles. as shown for neutrophils (Fig IC) . Figure 5 represents the quantification of positive vesicles for neutrophils. eosinophils. and monocytes.
To confirm the mobilimtion of the secretory vesicles during isolation ofthe neutrophils. immunogold double-labeling with anti-cytochrome / ) O R MoAb and antihuman albumin antiserum was performed on cryosections of nonpurified leukocytes and compared with neutrophils from the Same blood donation after standard purification. Micrographs of 20 neutrophils selected at random were taken for each experiment. The number of vesicles containing either albumin alone or cytochrome and albumin together were highly reduced after density gradient centrifugation of the cells. whereas the number of vesicles containing cytochrome / I o n alone remained more or less the Same (Fig 6) . The fact that these vesicles are not mobilized may suggest that they are indeed specific granules tangentially cut near the end (Fig I B) . Neutrophils purified over a Percoll gradient often showed early endosomal structures with vesicles labeled with both 5-nm gold (cytochrome /)55R) and IO-nm gold (albumin) (Fig 7R) .
These large so-called multivesicular bodies were not taken in consideration for the quantitative analysis described in Fig 6. No significant staining was observed in any of the control experiments described in Material and Methods. In the dou- ble-labeling experiments, the treatment with 1 % glutaraldehyde for 10 minutes has apparently prevented, almost completely, colabeling of the first antibody with the second gold conjugate. Also, a good internal control in the double-labeling experiment was the platelets present in cryosections of nonpurified leukocytes; almost no 5-nm gold (cytochrome b558 or CDl 1 b) was found on these cells, whereas many platelet granules were labeled with 10-nm gold (albumin) (Fig 7A) , as has been described for guinea pig platelets.38
DISCUSSION
In a previous study, we have followed the changes in MoAb binding during neutrophil isolation and during in vitro activation of neutrophil^.^^ Some of the phenotypic changes (ie, CDlO, CDl la, CD16, and 7D5 binding) were limited to the initial density gradient centrifugation step, suggesting fusion of rapidly mobilizable intracellular structures.
Bainton et a134 have reported the gelatinase-positive tertiary granules to be variants of the specific granules. As a consequence, previous data about intracellular localization of, eg, the antigens that bind CD 1 1 b and CD4520,39,40 in gelatinasecontaining stores distinct from the specific granules may have to be reconsidered. Another intracellular and independently mobilizable compartment has been designated phosphasomes or secretory vesicle and is believed to contain AP activity, tetranectin, and human albumin. L 7~1 8 , 2 2 , 2 3 * 3 6 3 3 7 This entity has not yet been extensively studied by immuno-EM.
Immunogold labeling with antiserum against human albumin on cryosections of nonpurified leukocytes showed that albumin was indeed localized in intracellular vesicles of neutrophils (Fig I), eosinophils (Fig 2), and monocytes (Fig 3) . The majority of small vesicles containing cytochrome b558 also contained albumin (and vice versa) in nonpurified neutrophils, eosinophils, and monocytes (Fig 4) . The same holds true for the CDl l b antigen and human albumin in colabeling experiments (Fig 5) . As shown at the ultrastructural level for the expression of cytochrome bsss, the colabeling was strongly reduced as soon as the neutrophils were purified by density gradient centrifugation (Fig 6) , indicative of the rapid mobilization of this compartment.
The binding pattern of 7D5 to granulocytes and monocytes is interesting for several reasons. First, these cells in the circulation are negative for 7D5 binding. After purification, the granulocytes and monocytes have become positive (Table 1) . In purified granulocytes, about 20% of cytochrome b558 is associated with the plasma membrane, and most of the remaining 80% of the cytochrome b558 is localized in the specific g r a n~l e s .~~,~~ Further upregulation of 7D5 would have been expected upon induced exocytosis from these granules. However, 7D5 binding remained unaltered. whereas several other membrane markers (CDI Ib, CDI IC, CD45, and CD67). also residing in the specific granules. significantly increase in expression.24 Proteolytic or oxidative destruction of upregulated 7D5 epitopes on cytochrome hSsR was excluded.24
These findings raised the possibility that cytochrome hss* exists in an intracellular pool distinct from the specific granules. Bjenum and Rorregaard4' have aluded to such a dual granule localization of the cytochrome hSSR using subcellular fractionation. In the present report. the idea that cytochrome hy,n partially resides in a secretory vesicle is substantiated with immuno-EM. From the data on 7D5 binding we conclude that this MoAb may only recognize part of the total amount ofcellular cytochrome hssR. ie. only the cytochrome hSsn in the secretory vesicle. This has to be substantiated further in subcellular fractionation studies.
The locali7ation of albumin in intracellular vesicles must be due to uptake. because white blood cells do not synthesize albumin, as was recently confirmed for gran~locytes.~' A precedent for storage of endocytosed albumin (protease inhibitors and Igs) has been described for platelet^.^*.^' The albumin is released upon platelet or neutrophil acti~ation."~~' Therefore. uptake of extracellular proteins does not necessarily result in breakdown?' Our data further suggest that neutrophils, eosinophils. and monocytes use the vesicles for the formation of a rapidly mobilizable pool of membrane proteins such as cytochrome hssR and CDI I b. An intriguing interplay of the endocytic and secretory pathways is indicated by our findings. Cytochrome hssR was not expressed on the plasma membrane of nonpurified blood granulocytes (Table  I ) and monocytes (not shown), hence called "d~rmant,"~' but was instead stored (apart from the specific granules) in secretory vesicles containing endocytosed albumin. In contrast. the adhesion molecule CR3 (CDI I b/CD18) displayed some basal expression (Table I) . and its expression must therefore be differently regulated. One possibility is that. afler biosynthesis in the endoplastic reticulum and the Golgi a p paratus. one part ofCR3 is directed to the plasma membrane and another part is stored in intracellular compartments similar to cytochrome /)~SR. Although cytochrome h S s R is not believed to be subject to continuous recycling via an endocytic pathway (because basal expression on cells in the circulation is not present). such a mechanism may operate in the case of CR3 (CDI Ib/CD18). However. these possibilities remain to be elucidated.
